Current Knowledge about the Pathogen
Arthropod-borne viruses (arboviruses) and in particular viruses of the genus Flavivirus among the Flaviviridae have spread in many subtropical and tropical countries in recent decades [1] . These include Dengue viruses (DENV), Chikungunya virus (CHIKV), West Nile virus (WNV), and Usutu virus (USUV) [1] [2] [3] [4] . Humans and other primates serve as virus reservoirs for DENV and CHIKV. Mosquitoes infected by the blood meal on humans serve as vector to maintain the infection cycle. International trade is regarded as vehicle for the long-distance spread of various mosquitoes.
The first outbreak of Zika virus (ZIKV) occurred on islands of the Federated States of Micronesia in 2007 [5] . Then the virus spread in the Pacific region and to the Caribbean and South and Central America [6] [7] [8] [9] [10] [11] .
ZIKV was first isolated in 1947 from the serum of a febrile rhesus monkey by intracerebral infection of mice [12] . The monkey served as sentinel animal for the surveillance of yellow fever virus (YFV) in the Zika forest in Uganda. About 9 months later, ZIKV was isolated in the same region from mosquitoes of the species Aedes africanus [12, 13] . The new virus was differentiated from known viruses such as YFV or DENV by using defined antisera in neutralization tests. The isolate was named after its place of first detection in the Zika forest. In the following years, additional ZIKV were isolated from various species of mosquitoes in Africa [14, 15] .
Few reports of sporadic cases of ZIKV disease in humans have been published prior to 2007. Individuals reported flu-like symptoms comparable to mild disease caused by DENV or CHIKV.
In general, ZIKV infection is a vector-borne disease. However, increasing numbers of vertical ZIKV infections are reported. So far, only sporadic cases of transmission through blood transfusions, sexual contact, and occupational infections have been observed [16] [17] [18] .
Characteristics of ZIKV
Serological reactivity with other flaviviruses such as YFV, WNV, Japanese encephalitis virus (JEV), and DENV grouped ZIKV to the Spondweni serocomplex [19, 20] . Flaviviruses have a lipid envelope dendritic cells can be infected. For infection, receptors on the cells like DC-SIGN, AXL, TYRO3, and TIM-1 are necessary [31, 32] . Arbovirus-infected mosquitoes initiate the infection by their bite, injecting virus-containing saliva into the epidermis. The saliva can modulate the response of the cells in the epidermis, which enables the propagation of the virus in skin cells [33] .
After replication in skin cells, the virus disseminates with the bloodstream. Infectious virus or viral genomes can be detected in serum and plasma in the first few days of infection.
As one of the few early reports of ZIKV-associated diseases in humans, Macnamara [34] described in 1954 the first isolation of ZIKV from the blood of a girl during the investigation of a jaundice outbreak in Nigeria. Two additional individuals showed a rise of ZIKV-specific antibodies. Isolates from humans have been described in the following years in Uganda and Nigeria [35] [36] [37] . Symptoms such as fever, headache, malaise, and fatigue were the main complaints observed [38] .
Similar symptoms have been observed in a volunteer vaccinated against yellow fever after subcutaneous injection of a diluted brain suspension from a ZIKV-infected mouse [39] . After 7 days post inoculation (dpi), the individual was free from fever and other symptoms. Low titers of infectious virus were detected in the serum of the volunteer on the 4th and 6th dpi.
In two case reports, the courses of laboratory-acquired ZIKV infections were described. Both patients had been vaccinated against yellow fever [16, 35] . The infection was confirmed by the isolation of ZIKV. On the first day of illness, one infected individual complained of fever, retro-orbital pain, and pain in the back, neck, and joints [16] . The second infected person had a headache and developed a maculopapular rash on the whole body and slight back and leg pains. In both cases, the symptoms disappeared within a few days. Similar symptoms have also been observed in sporadic cases of ZIKV disease in Africa and during an outbreak (involving 7 people) in Indonesia where the infection was detected by a rise of ZIKV-specific antibodies [34, 36, 37, 40] .
From these and other findings observed during outbreaks, it can be deduced that the incubation period is about 2-7 days like in other flavivirus infections such as DENV or WNV [2, 3, 5, 41, 42] . It is assumed that about 80% of people who become infected with ZIKV do not develop any symptoms.
First Large ZIKV Outbreak
In 2007, the first large ZIKV epidemic was observed in Yap State, an island of the Federated States of Micronesia. Most of the diseased ZIKV-infected patients suffered from the previously described mild symptoms. However, the rapid dissemination of the pathogen and the high number of patients were unusual [5] . In the subsequent epidemic in French Polynesia in 2013, which also spread rapidly, the majority of clinically ill patients developed mild fever, body aches, maculopapular rash, and conjunctivitis [8] .
Guillain-Barré Syndrome
In November 2013, it was reported that people developed a Guillain-Barré syndrome (GBS) shortly after ZIKV disease [43] . GBS is a rare but potentially fatal rapid-onset muscle weakness caused by an autoimmune reaction damaging the peripheral nervous system. Approximately two-thirds of all patients who developed GBS in this outbreak had suffered from a ZIKV infection shortly before the onset of symptoms [44] . During the ZIKV epidemic, the number of GBS cases rose by a factor of 20 compared to preceding years, with incidence rates of 1-2/100,000 population [44, 45] . It is therefore postulated that ZIKV was involved in the triggering of the acute onset of the neurological disease with inflammatory changes in the peripheral nervous system [43, 44] .
An increase of cases with GBS was also observed in the course of the epidemic in South and Central America (Brazil, El Salvador, Colombia, Suriname, and Venezuela) in 2015/2016 [46] . Furthermore, ZIKV was isolated from the urine of 2 patients with GBS in Martinique [47] . Association of GBS with other arbovirus infections like DENV or CHIKV was reported [48, 49] .
Microcephaly and Other Abnormalities
Reports of an association of ZIKV infections and microcephaly in fetuses and newborns in Brazil attracted special attention. From some regions in north-eastern Brazil, an increase of cases of microcephaly, malformation of the brain, and stillbirth were reported. In some cases, ZIKV was demonstrated in tissues, including the brain of stillbirths [50, 51] .
The question whether ZIKV can induce microcephaly is part of an ongoing discussion [52] . Detection of high levels of ZIKV RNA and viral particles in the brain of affected fetuses implies a causal involvement of the virus [50] . This assumption is supported by epidemiological data showing an increase of cases of microcephaly in Brazil since May 2015.
Recently, 88 pregnant women in Rio de Janeiro who reported a rash in the previous 5 days as a potential symptom of ZIKV infection were enrolled in a study [53] . A ZIKV infection was confirmed by PCR in 72 women who were between 5 and 38 weeks of gestation. Fetal ultrasonography was performed in 42 ZIKV-positive and 16 ZIKV-negative women. In 12 of 42 ZIKV-positive and none of the 16 ZIKV-negative pregnant women, fetal abnormalities including central nervous system defects were identified. At the time of the report, 2 stillbirths (36 and 38 weeks of gestation, respectively) and 6 live births of ZIKV-positive women had occurred. The 2 newborns with normal sonography were healthy; in 1 child, the prenatally diagnosed growth retardation was not confirmed, and the child is doing well. Two children showed microcephaly, and 1 child was small for gestational age but with a proportionate head circumference.
These results imply that pregnant women who are infected with ZIKV and develop symptoms of a ZIKV infection have a high risk of serious complications of pregnancy [54] . To what extent fetuses of pregnant women who undergo an asymptomatic ZIKV infection show disorders has not been sufficiently studied.
Epidemiological and virological findings, together with birth defects observed in fetuses and newborns in areas with a high incidence of ZIKV infections, support the preliminary, alarming results of the study in Rio de Janeiro [55] [56] [57] demonstrated that human neural progenitor cells differentiated from pluripotent cells were preferentially infected by ZIKV. This leads to dysregulation of transcription and the death of these cells [58, 59] . This experimental system may allow studying the influence of ZIKV on the development of the fetal brain in more detail. WHO, the Centers for Disease Control and Prevention (CDC), and other health authorities (Pan American Health Organization) have published recommendations for pregnant women living in countries which are affected by the ZIKV epidemic [60, 61] . Health authorities in some Latin American countries have also recommended postponing planned pregnancies [61] . Pregnant women who live in ZIKV-free areas are advised to avoid unnecessary travels to regions where ZIKV circulates or to protect themselves carefully against mosquito bites [62, 63] .
In coordination with the Robert Koch-Institute, the Foreign Office and the German Society for Tropical Medicine (DTG) [64] issued similar recommendations.
Routes of Transmission
ZIKV was isolated in Africa and Asia from a variety of mosquitoes of the genus Aedes, but also from other genera [15, 26] . In principle, all mosquito species must be considered as potential vectors for ZIKV [65] . Whether and which of the various mosquito species are able to transmit ZIKV has not been systematically investigated. However, Aedes (Stegomyia) aegypti and Aedes (Stegomyia) albopictus most probably constitute the main vectors in the transmission and spread of the pathogen. These two species are part of the urban infection cycle because they take their blood meals preferentially on humans. Both mosquito species transmit also DENV and CHIKV. Both vectors have become adapted to humans and breed in the same regions where DENV, CHIKV, and ZIKV are circulating [1, 27, 66] .
Humans are the virus reservoir of ZIKV, DENV, and CHIKV in the infection cycle. Mosquitoes become infected while feeding on infected humans during the viremic phase. In the arthropods, the viruses replicate initially in the digestive tract before spreading throughout the body. The viruses also infect the salivary glands, and the pathogens are transmitted back to vertebrates with subsequent blood meals.
Other Transmission Routes
During the spread of ZIKV to the Pacific Rim and to the Americas, additional transmission routes have been identified. As early as in November 2013, blood donations were tested with a ZIKV-specific PCR in French Polynesia. About 1,500 blood donations were tested, and 42 (3%) were positive. The donors were healthy at the time of donation, but some developed symptoms of a ZIKV infection 3-10 days later. ZIKV was isolated from PCR-positive sera, indicating that these donations were infectious [67] . The first 2 cases of transfusion-associated transmission of ZIKV were reported from Brazil [68] . The transmissions occurred in 2015. One patient was transfused after transplantation and developed fever. Post donation, the healthy donor developed symptoms of a ZIKV infection. Both recipient and donor recovered. The second patient, who later died as a result of a gunshot wound, was multi-transfused. The transmission by transfusion was verified in the first case through analysis of the ZIKV genomes of donor and recipient [69] .
In French Polynesia, the first perinatal transmissions from mother to newborn have been described [70] . In 2011, it was suspected that ZIKV could be transmitted during sexual intercourse [20] . About 9 days after their return from Senegal to Colorado, USA, 2 men developed symptoms that were compatible with a flavivirus infection. In addition, hematospermia was observed in 1 of the patients. About 8 days after onset of illness, the wife of this patient also developed symptoms of a flavivirus infection, and ZIKV was confirmed. Additional cases of sexual transmissions were reported from the USA and Italy [71, 72] . Musso and co-workers [73] successfully isolated infectious ZIKV from the semen of a man with hematospermia who had developed symptoms of a ZIKV infection 2 weeks prior to the hematospermia. The semen contained about 3 × 10 6 to 1 × 10 8 genome equivalents/ml [73, 74] . According to the presently available results, viral genomes can be detected in semen for about 10 weeks after waning of symptoms [75, 76] . So far, there are no reports about the risk of transmission through vaginal secretions. The extent to which sexual transmission of ZIKV in endemic areas or during an outbreak plays an epidemiological role is unknown.
It was demonstrated by PCR that ZIKV -like in DENV infections -was detectable in urine and saliva of patients at about the 5th day after onset of symptoms [77] [78] [79] [80] [81] . Saliva samples can be of particular interest when serum is difficult to collect, especially from children and newborns.
Two days after the appearance of disease symptoms, ZIKV is excreted in urine and can be detected by PCR for 15-20 days [81, 82] . The question arises whether ZIKV can also be transmitted by these body fluids [81, 83] . So far, there are no reports on suspected transmission of ZIKV by virus-containing saliva or urine.
Epidemiology
The epidemiology of DENV, CHIKV, and ZIKV infections seems to be closely linked to distribution areas of A. aegypti and A. albopictus [66, 84] . During the last decades, both Aedes species have spread from their original distribution areas in Asia (A. albopictus, tiger mosquito) and Africa (A. aegypti, yellow fever mosquito) to the Americas and Europe. The spread of mosquitoes is facilitated by international transport of goods, mobility, and airline travel.
The simultaneous circulation of DENV and CHIKV in areas where ZIKV outbreaks are occurring is a challenge for the health care systems because these virus infections exhibit similar symptoms [85] . Usually, testing for ZIKV was only performed after ruling out an infection with DENV or CHIKV. Serologic differential diagnosis of flaviviruses is complicated by the frequently observed cross-reactions in antibody screening tests like ELISA and hemagglutination inhibition tests. Dick [13] described the detection of ZIKV-specific antibodies in humans for the first time in 1952. During the following years, sero-logical studies indicated that ZIKV infections were widespread in African countries such as Uganda, Egypt, Senegal, and Nigeria as well as in Asian countries such as Pakistan, Thailand, Indonesia, and the Philippines, but only few infected individuals developed symptoms [37, [86] [87] [88] [89] . It was therefore assumed that ZIKV infections usually are asymptomatic or that only very mild symptoms are induced.
Until the outbreak on Yap in 2007, most virus isolates derived from various mosquito species, and about 10 ZIKV were isolated from humans [15, 26] . Human isolates were obtained in the context of studies for the dissemination and monitoring of other arboviruses, especially YFV [34, 36, 37] .
The partly high seroprevalence in different regions of Africa and Asia has led to the assumption that there are two different cycles of infection, a sylvatic and an urban cycle. Evidence of ZIKVspecific antibodies in monkeys in Africa and Asia and the isolation of ZIKV from monkeys corroborate the existence of a sylvatic cycle [13, 15, 90, 91] .
Humans are the virus reservoir in the urban cycle. Whether animals can also serve as reservoirs in this cycle is not known. In some cases, antibodies directed against ZIKV were demonstrated in various animal species such as rodents and livestock [88] . It has already been shown that mice can be experimentally infected with ZIKV by intracerebral or intraperitoneal inoculation or by mosquito bites [12, 15, 37, 92] . It is unknown whether these experiments prove that rodents are a potential reservoir for ZIKV or represent a deadend host.
In the urban infection cycle, A. albopictus and A. aegypti have a high vector competence for transmission of DENV and CHIKV and also for ZIKV. Both mosquito species breed mainly in urban areas. Their vector competence is demonstrated by experimental oral infection of mosquitoes with ZIKV [92, 93] .
In April 2007, several cases of dengue-like infection were observed on Yap [5, 94] . It was unexpected that ZIKV caused this outbreak with symptomatic cases. In a survey on Yap, randomly selected household residents were tested for markers of a ZIKV infection. In this investigation, 49 confirmed and 59 probable ZIKV cases were identified. Serosurveillance of household residents allowed for an estimation of the ZIKV epidemic (people 3 years or older). About 5,000 of a total of 6,800 inhabitants of the island (73%) were infected with ZIKV between April and July 2007 [5] . 80% of all infections were asymptomatic. Phylogenetic analyses of isolates from patients showed that the isolates belonged to the Asian genotype showing a close relationship to a Cambodian isolate [15, 24] . Entomological investigations on Yap suggested that Aedes henselli most likely served as vector.
In October 2013, symptomatic ZIKV infections were observed in French Polynesia [8, 44, 45, 95] . Based on the data collected in French Polynesia in the years 2013 and 2014, it has been estimated that in the total population of about 270,000 between 28,000 and 32,000 people developed a ZIKV disease. The rapid spread of ZIKV in French Polynesia within a very short time is supported by the analysis of blood donations in the years 2011-2013 for antibodies against DENV, ZIKV, JEV, and WNV. In these 2 years, about 80% of donations were positive for DENV, but only less than 1% responded with ZIKV antigens and about 3% with CHIKV [96] . The extent to which the reactivity with ZIKV was due to antibodies directed against this virus or whether cross-reactions in the test systems were responsible for the reactivity was not investigated further.
In 2014, autochthonous infections with ZIKV were diagnosed on Oceanian islands such as New Caledonia and the Cook Islands [67] . Also in 2014, ZIKV infections were observed on Easter Island (Chile), the first detection of the pathogen in the Americas. The first autochthonous infections in Brazil were described at the beginning of 2015 [97] .
DENV is endemic in Brazil [98] . The first cases of CHIKV were diagnosed in September 2014 in north-eastern Brazil. It is assumed that CHIKV has been imported to Brazil via the Caribbean [99] . The co-circulation of these two arboviruses, which induce comparable symptoms and are transmitted by the same vectors, caused difficulties in diagnostics. At the beginning of 2015, patients with a dengue-like syndrome were reported in Natal, a city in the northeast of Brazil. From February to the end of April 2015, approximately 7,000 cases were reported from north-eastern states of Brazil. Differential diagnostics excluded infections with DENV or CHIKV. At the end of April 2015, it was notified that the disease was caused by ZIKV of the Asian genotype closely related to isolates from French Polynesia [25] .
At the end of March 2016, ZIKV had spread in South and Central America. Furthermore, since the end of 2015, a ZIKV outbreak with more than 7,000 infected people was observed in Cape Verde. So far, there is no information available whether this outbreak was caused by the Asian or the African genotype. Up to now, autochthonous infections were reported in 42 countries worldwide [100, 101] .
In Europe, ZIKV infections were diagnosed in travellers returning from ZIKV-endemic areas (including Thailand, Maldives, Caribbean, Brazil, Central America, Borneo) [102] [103] [104] [105] [106] . In Slovenia, a ZIKV infection was suspected in a pregnant woman who had acquired a ZIKV infection in Brazil in the first trimester of gestation [50] . Ultrasonography in the 29th and 32nd week of pregnancy showed growth anomalies of the fetus. Termination of the pregnancy was performed at the 32nd week of gestation. Pathological findings confirmed microcephaly. ZIKV could only be detected in the fetal brain. Phylogenetic analysis of the whole genome confirmed the close relationship of this virus with a sequence from French Polynesia, which is in line with the finding that Brazilian isolates are closely related to the Asian genotype.
Detection of ZIKV in Mosquitoes
The first isolation of ZIKV from the mosquito A. africanus was achieved about the same time when ZIKV was isolated from a rhesus monkey in the Zika forest in Uganda [12, 13] . In the following decades, ZIKV was isolated from various mosquitoes of the genus Aedes in African and Asian countries, but isolates obtained from other genera were also described [15, 26, 27, 107, 108] .
As early as in the 1950s, it was investigated whether female A. aegypti mosquitoes orally infected with ZIKV were able to transmit German Advisory Committee Blood (Arbeitskreis Blut), Subgroup 'Assessment of Pathogens Transmissible by Blood'
ZIKV to laboratory animals [92] . It can be postulated that the kinetics of ZIKV replication in mosquitoes is dependent on time and temperature. It was shown that a rise of infectious ZIKV could be detected in salivary glands of orally infected A. aegypti which were kept at a temperature of 29 ° C for 10 days. Transmission of virus is only possible if the viral titer in the salivary glands of mosquitoes is high enough to infect a susceptible host during the next blood meal [3, 109] . Whether and in which regions of Germany the necessary average temperatures for the development of vector competence of mosquitoes can be reached and which endemic mosquito species might serve as vectors to transmit ZIKV has not yet been studied.
In Senegal, ZIKV was isolated from a pool of male Aedes furcifer [108] . This is an indication that ZIKV can be transmitted transovarially to male and female offspring [109] . The extent to which this route of transmission is of epidemiological significance for the maintenance of the spread of ZIKV is not known. The importance of vertical transmission of other arboviruses such as DENV is controversial [110] . Epidemiological and entomological studies suggest that during the outbreaks on Yap A. henselli and in French Polynesia A. aegypti and Aedes polynesiensis could have served as vectors [5, 8, 111, 112] . Based on studies on the spread of DENV and CHIKV infections in Brazil and other Latin American countries, it is postulated that mainly A. aegypti and A. albopictus serve as vectors for ZIKV, DENV, and CHIKV [11, 17] . In urban areas, A. aegypti and A. albopictus prefer breeding in the vicinity of humans and lay their eggs in ponds, flowerpots, empty cans, grave vessels, and other water-filled containers. Female A. aegypti mosquitoes prefer to bite people during the day both in homes and in the environment. A. albopictus have a broad host spectrum and take the blood meal preferably on humans, but also on other vertebrates such as cats, dogs, and other mammals. This mosquito species usually bites outside of buildings. Both A. aegypti and A. albopictus are considered as potential vectors for ZIKV; however, differences in the vectorial competence to transmit arboviruses like DENV and CHIKV have been described [113] . Therefore, it can be assumed that under appropriate climatic conditions autochthonous transmissions of ZIKV can be expected in the distribution area of the Aedes mosquitoes and probably of other mosquito species in Europe as well [114] [115] [116] . Potential sources of infection for mosquitoes in Germany are primarily travellers returning from ZIKV-endemic areas.
In recent years, several research projects have been initiated in Germany and in Europe concerning the regional distribution of domestic mosquito species and changes in their distribution over time [115, 117] . Another objective of the projects is the identification of exotic mosquito species such as A. albopictus and A. aegypti which are imported mainly by the international transport of goods. In addition, the question is addressed whether or not domestic or exotic mosquitoes have the competence to propagate relevant pathogens such as ZIKV and transmit them to humans. It is known that same mosquito species occurring in different regions may have variable vector competence for a particular virus [118] .
Over the past decade, indigenous DENV and CHIKV infections were repeatedly observed in southern Europe [119, 120] . It is remarkable that there is an apparent coincidence of the occurrence of these diseases and the distribution of A. albopictus in Europe [118] . In Germany, the presence of A. albopictus and other exotic mosquitoes and breeding sites were found close to international transport routes [115, 117, 121] . With these findings in mind, it was discussed whether A. albopictus might become established in Germany in regions with mild climate like the Upper Rhine [122] . The repeated and probably continuous importation of exotic mosquito species into Germany and other European regions requires coordinated surveillance in Europe and the development of control strategies to counteract efficiently and as early as possible the importation and spread of serious arbovirus-induced illnesses [117] .
Detection Methods and Their Significance
Due to the lack of specific clinical symptoms, a ZIKV infection can only be diagnosed by determining ZIKV-specific antibodies, isolation of virus in newborn mice, mosquitoes, or cell cultures, or by the detection of ZIKV genome by NAT.
Serological Methods for ZIKV
The serological diagnosis for the detection of ZIKV-specific antibodies can be hampered by pronounced cross-reactivity of antibodies induced by infections with or vaccination against flaviviruses like YFV, JEV, tick-borne encephalitis virus (TBEV), and DENV. For a long time, complement fixation and hemagglutination inhibition tests were used in endemic regions for the detection of YFV, DENV, and ZIKV [86, 123, 124] . The confirmation and differentiation of reactive sera was performed with neutralization tests in mice [125] .
Recently, commercial tests for the detection of antibodies directed against ZIKV became available. A ZIKV IgM capture assay received temporary approval from the Food and Drug Administration (FDA) as in vitro test for the detection of human antibodies in serum and cerebrospinal fluid [126] .
Further commercial tests for the detection of IgM and IgG directed against ZIKV are available (immunofluorescence assay with ZIKV-infected cells or ELISA based on genetically engineered ZIKV antigen).
Virus-specific IgM antibodies are detectable about 2-4 days after the onset of symptoms. These antibodies persist for about 2-12 weeks. The cross-reactivity of antibodies to other flaviviruses must be considered when interpreting the results [94, 102, 125, 127, 128] . Reactive test results should be confirmed by neutralization tests using ZIKV (e.g. plaque reduction neutralization test; PRNT). Since cross-reactions between flaviviruses were observed also in PRNT, sera should be tested in parallel with other flaviviruses. In addition to the antibody detection systems for differential diagnostics, a DENV antigen capture assay on the basis of the NS1 protein can be applied [129] . The CDC have developed an algorithm for the serological diagnostics of the arboviruses DENV, CHIKV, and ZIKV which considers the cross-reactivity of IgM antibodies within the genus flavivirus [125] .
Detection of the Virus Genome
The viremic phase during a ZIKV infection is short, and genomes can usually only be detected up to 8 days (usually 5 days) after appearance of symptoms. The highest virus load is measured on the first day of the disease. This implies that the patient is already viremic during the incubation period of 2-7 days prior to onset of symptoms [66] . ZIKV genome can be detected in saliva and urine up to 20-30 days after onset of symptoms, which is longer than its detection in blood [66, 81, 83] .
Of particular interest is the detection of ZIKV in semen because infectious virus can be excreted for a longer time with semen, and virus was detected up to 62 days after onset of symptoms [74, 130] . It is unknown whether virus is excreted during an asymptomatic ZIKV infection. For further characterization and differentiation of NAT-positive samples, genome sequencing followed by phylogenetic analysis enables molecular epidemiological classification of the isolates by using PCR [15, 131, 132] .
Virus Isolation
For the detection and propagation of ZIKV, monkey cells (Vero) or mosquito cells like AP61 (Aedes pseudoscutellaris) or C6/36 monolayer (A. albopictus) and intrathoracic inoculation of mosquitoes (Toxorhynchites splendens) are used [23, 67] .
Blood and Plasma Donors

Prevalence and Incidence in Donor Populations
ZIKV is an imported disease in Germany. All known 25-30 cases had acquired the infection in ZIKV-endemic areas [102, 133, 134] . It is unknown how many asymptomatic cases occurred in returning travellers. As there is no testing of people at risk for a ZIK infection or donations for ZIKV-specific antibodies or other viral markers, there is no information on the precise prevalence in the donor population.
Definition of Exclusion Criteria
According to the hemotherapy guidelines [135] , blood donors have to be generally deferred from donating in the case of a particular epidemiological situation. For ZIKV, this epidemiological situation was defined by the decision of the Paul Ehrlich Institute (published March 3, 2016) . In whole blood, cellular blood components, and fresh frozen plasma, which are not subjected to procedures for effective virus inactivation, no starting material should be used from donors who have returned from a ZIKV-endemic region in the last 4 weeks prior to donation. In various studies, it was shown that ZIKV genomes could be detected by RT-PCR in serum or plasma up to 11 days after onset of symptoms, but usually only up to 5 days [96] . A deferral for 4 weeks was therefore defined.
In view of the findings that ZIKV can be excreted in semen up to 62 days after onset of symptoms, the FDA -unlike the competent authority in Germany -published recommendations that sexual partners of persons who suffered from a ZIKV infection or returned from a ZIKV-endemic region in the last 3 months should self-defer from donation for 4 weeks after the last sexual contact [136] .
Donor Testing and Significance
Testing of donations is not performed in Germany because ZIKV is not endemic and donor deferral strategies for returning travellers are considered to be effective.
Donor Interviews
Donors should be interviewed regarding stays in ZIKV-endemic areas or in regions where outbreaks are currently observed. Current information on ZIKV-endemic areas can be accessed on the web page of the WHO or the European Centre for Disease Prevention and Control (ECDC) [100, 101] .
Donor Information and Counselling
Specific advice on ZIKV infections and prophylaxis can be given by specialized physicians.
Recipients
Prevalence and Incidence of Blood-Associated Infections and Infectious Diseases in Recipient Populations
Only very few transfusion-transmitted ZIKV infections have been reported in endemic regions. There are no data with respect to prevalence and incidence of blood-borne ZIKV infections.
Immune Status (Resistance, Existing Immunity, Immune Response, Age, Exogenous Factors)
Infection with ZIKV is usually resolved within 2-3 weeks. A natural resistance to ZIKV is unknown. So far, only imported cases have been diagnosed in Germany; therefore, there is no immunity in the population.
An age-dependent course of an infection associated with more severe symptoms has not been described. In an HIV-infected individual, the infection had a mild course. A specific antiviral therapy is not available. No additional risk factors for complications could be identified so far. German Advisory Committee Blood (Arbeitskreis Blut), Subgroup 'Assessment of Pathogens Transmissible by Blood'
Severity and Course of the Disease
Usually ZIKV infections transmitted by mosquitoes are benign and self-limiting. In endemic regions, neurological disorders such as GBS have been described and linked to vector-borne ZIKV infections [45] . Especially in Brazil, an increase of malformations in fetuses and newborns like microcephaly and other neurological abnormalities have been described and associated with the ZIKV epidemic [42, 52, 62, 137] . Epidemiological, virological and pathological findings show an association of malformations in fetuses and neonates with infections of the pregnant women in the 1st and 2nd trimester of gestation [50, 138] . The few recipients of infectious blood products experienced only mild symptoms. Whether there are differences in the course of transfusion-associated infections and of those transmitted by vectors cannot be assessed due to the small number of transfusion-associated infections.
Therapy and Prophylaxis
There is only symptomatic therapy available for the treatment of ZIKV-associated diseases [139] . As no vaccine is available yet, the primary prevention of a ZIKV infection is the prevention of mosquito bites. Since A. aegypti and A. albopictus are preferably diurnal and reside both outside and inside buildings, light longsleeved outerwear and pants should be worn and repellents used the whole day. Methods for eradication or control of the mosquito populations are presently under development and their applicability is investigated [6, 140] .
Donor selection criteria should defer individuals from endemic regions for appropriate periods of time. In endemic regions, NAT testing of donations could be considered if a suitable test is available.
Transmissibility
Usually, ZIKV is transmitted by the bite of an infected mosquito during a blood meal. Recently, further transmission routes have been reported: infection of partners during unprotected intercourse by infectious semen and perinatal and intrauterine transmissions [42, 62, 141] . Whether ZIKV is transmitted by breast milk from the mother to a newborn should be further examined [142] .
The high number of virus-positive blood donations during the ZIKV epidemic in French Polynesia was an additional indication of the possible ZIKV transmission by transfusion [67] . In Brazil, the first transmissions of ZIKV through blood transfusions were observed in 2015 [68, 143] .
Frequency of Administration, Type and Amount of Blood Products
Transmission of ZIKV can occur by non-inactivated blood components such as red blood cell and platelet concentrates or fresh frozen plasma. Viral inactivation procedures have been developed for plasma and platelet preparations. For red blood cell concentrates, no effective inactivation methods are available yet. Plasma derivatives are subjected to procedures that contain several specific manufacturing steps for the inactivation/removal of viruses (see 4.2).
Blood Products
Infectious Load of the Starting Material and Test Methods
The virus load of donated blood or plasma can be determined by the detection of viral genomes. Investigations of PCR-positive blood donations in French Polynesia reported a load of 103-107 genome copies/ml serum [96] . The donors were healthy at the time of the donation. Some of the donors developed symptoms of a ZIKV infection 3-10 days post donation [67] . As yet, no information on the virus load of plasma pools for the production of plasma products is available. Because of the relatively short viremic phase and the epidemiological situation in those countries in which plasma for fractionation is collected, high ZIKV loads are not expected in plasma pools from non-endemic regions.
Methods for Removal and Inactivation of the Infectious Agent
Inactivation and elimination methods which are used in the preparation of blood and plasma products are validated with model viruses as well as with relevant viruses. The flaviviruses used in the individual process steps (bovine viral diarrhea virus, TBEV, DENV, and WNV) have a comparable sensitivity to solvents and detergents (SD method), low pH, or heat treatment [28, 30, [144] [145] [146] [147] .
In the production of plasma derivatives, the combination of process steps has proved to be highly efficient in inactivating or eliminating flaviviruses. Therefore, plasma derivatives are safe. The SD method used for the production of plasma inactivates flaviviruses and other enveloped viruses safely and quickly [148] . Therefore, it is effective for the inactivation of ZIKV.
Pathogen inactivation procedures developed for platelet concentrates can inactivate viruses including flaviviruses and other pathogens [149] [150] [151] .
Feasibility and Validation of Procedures for Removal/Inactivation of the Infectious Agents
ZIKV can be propagated in cell culture to high titers [96] . Individual blood components or intermediates of the production process of plasma derivatives can be experimentally contaminated with ZIKV. The efficacy of methods for the inactivation/elimination of ZIKV in the individual production steps can be followed by the determination of infectious virus using a plaque assay (plaqueforming units) or by end-point titration (tissue culture infectious dose 50%).
Discussion
In general, the course of a ZIKV infection is asymptomatic and self-limiting. Reports on the ZIKV epidemic in French Polynesia (2013) have already pointed to the risk of transmission of ZIKV by blood. In Brazil, the first 2 transfusion-associated transmissions of ZIKV were reported; in both cases, the donors showed no symptoms of an infection at the time of donation. Sequence analysis of the ZIKV genomes isolated from the donation and the recipient confirmed the transmission by transfusion in one case.
Blood components, SD plasma, and plasma derivatives, such as immunoglobulin and clotting factor concentrate which are prepared with validated, effective methods of virus inactivation, can be considered ZIKV safe.
The risk of transfusion-associated virus transmission by noninactivated blood components cannot be completely ruled out in Germany. The low number of reports of transmission through blood components in endemic areas could be due to the fact that many infections are asymptomatic or only mild symptoms are observed and are therefore not detected.
Testing of donations for viral genome by NAT would reduce the risk of transmission by non-inactivated blood components and might be an option in endemic areas. We believe that the introduction of a ZIKV-PCR screening of blood donations in Germany is currently not necessary because of the epidemiological situation. It is expected that the recent introduction of mandatory reporting of arbovirus infections in Germany will provide a better overview of imported arbovirus infections including ZIKV infections and will enable the recognition of autochthonous virus transmissions [152] .
Deferral of potential donors returning from areas where ZIKV circulates for 4 weeks is reasonable in view of the documented incubation and viremia periods. The length of the deferral period should be re-evaluated if new data on the course of the infection becomes available. Although sexual transmission has been documented, we believe that a general donor deferral of sexual partners of returning individuals from ZIKV-endemic regions does not seem indicated in Germany due to the very low numbers of imported infections and the short incubation period. This decision might be subject to re-evaluation depending on the further spread of ZIKV.
According to current knowledge, different mosquito species, particularly A. aegypti and A. albopictus, play an essential role as vectors in the spread of ZIKV. To what extent domestic mosquitoes can be infected with ZIKV and may play a role as vectors needs to be investigated. The capacity to serve as a vector depends mainly on the local climatic conditions. Knowledge of the temporal and geographical distribution of mosquito species occurring in Germany and their vector competence for the transmission of serious (exotic) diseases would allow a better evaluation of the general risk of arbovirus infections, including the specific risk of the spread of ZIKV. 
